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ABSTRACT
This paper presents a new hysteresis current control 
technique for a three-phase inverter based on 
magnitude and time errors. Twelve comparators 
measure current errors in three phases in such a way 
to minimise the switching frequency and to provide a 
better solution to decide adjacent voltage vectors.
The advantage of this method is a fast decision and
simple control circuit to select the switching states in 
“ABC” coordinates without prediction of back emf 
or the derivative of the reference currents. 
Theoretical analysis and simulations results verify
the proposed method. 
I. INTRODUCTION
Most of applications of three-phase voltage source
pulse width modulated (PWM) converters such as 
AC drives, active power filters, high power factor 
AC-DC converters, uninterruptible power supply and 
AC power supplies have a control structure 
comprising an internal current feedback loop. The 
performance of the converter largely depends on the
quality of the applied current control strategy and it 
is one of the most important subjects of modern 
power electronics. The main task of the control 
scheme in a current control PWM converter is to 
force the currents in a three-phase AC load to follow 
the reference signals. By comparing the reference 
signal and instantaneous value of the load currents, 
the current controller generates the switching states 
for the power devices to switch on and off in such a 
way to minimise the error. The current control 
techniques used in voltage source inverters have 
significant roles in three-phase motor drives, grid
connections and renewable systems. A review of 
current control techniques for the three-phase voltage 
source PWM converters is performed in [5]. Various 
techniques, different in concept, have been described 
in two main groups: linear and nonlinear. The first 
includes state feedback controllers, and predictive
techniques with constant switching frequency. The 
second comprises bang-bang (hysteresis, delta 
modulation) controllers and predictive controllers 
with on-line optimization. The current control of 
voltage-fed PWM inverters supplying the three-phase
ac motors can be achieved by means of three main 
techniques, i.e., ramp comparison, predictive control, 
and hysteresis control. The main advantage of the 
ramp-comparison technique [l], is that the inverter
switches are operated at a fixed frequency. However, 
the system response is affected by the stability 
requirements of the feedback loop, which also 
depend on load parameters; thus appreciable phase 
lag errors may arise even in the steady state. 
Predictive control [2] gives optimum performance in
terms of both response time and accuracy, but it 
involves non-negligible calculations and requires a
good knowledge of load parameters. Hysteresis 
control, on the other hand, [3], gives fast response 
and good accuracy. It can be implemented with a 
minimum of hardware and, in principle, does not 
require knowledge of load parameters. However, 
depending on load conditions, switching frequency 
may vary widely during the fundamental period, 
resulting in irregular inverter operation. Hysteresis 
current control schemes are based on a nonlinear 
feedback loop with two level hysteresis comparators. 
The switching signals are produced when the errors 
exceed the bands. The main advantages of hysteresis
current control technique are simplicity, outstanding 
robustness, lack of tracking errors, insensitivity to 
load parameter changes but the disadvantages are the  
variable switching frequency and, for a three- phase, 
unexpected high switching frequency. Very high 
switching frequency may result if three independent
controllers are used. The actual current waveform is 
not only determined by the hysteresis control: 
depending on operating conditions, the current slope 
may vary widely and the current peaks may 
appreciably exceed the limits of the hysteresis band.
Moreover, high frequency and current peaking 
increase power loss and may affect system reliability. 
To overcome these problems, some methods have 
been proposed, mainly based on the vector-control 
concept, which ensure good dynamic response while 
preventing fast commutation cycles. These methods 
require some knowledge of load parameters or an 
increase in hardware complexity [10, 11]. A vector 
control hysteresis current controller for induction
motor drives is proposed in [4]. Coordination of three 
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phase switches is made in the d-q phase plane. In 
addition to the current error, information of the 
current error derivative is further employed so that 
one can take full advantage of adding the zero 
voltage vectors for reducing the switching frequency. 
A multivariable hysteresis current controller for 
three-phase inverters is presented in [6]. It is shown 
how the use of a sequential design for the 
multivariable controller can further contribute to 
transistors’ switching frequency reduction, with no
significant increase in the hardware implementation
complexity. Several methods have been proposed to 
minimise the switching losses by co-ordination of the 
phase switching using d-q coordinates where the load 
and reference current measurements have to be 
transferred from ABC to d-q coordinates [4, 7]. A 
study on the double band hysteresis current controller 
of the static synchronous compensator used for 
reactive power compensation on a distribution 
network is reported in [7]. The current control using 
a conventional hysteresis controller has the 
disadvantage to being potentially at high switching
frequency. In addition, the current error is not strictly 
limited, therefore, to reduce the switching frequency 
and current error, a double-band hysteresis current
controller in stationary reference frame is proposed. 
Adaptive hysteresis current control techniques are 
proposed to control the switching frequency for 
power system applications [8, 9]. 
This paper presents a new hysteresis current control
technique for a three-phase inverter based on 
magnitude and time errors. Twelve comparators 
measure current errors in three phases in such a way 
to minimise the switching frequency and to provide a 
better solution to select adjacent voltage vectors. The 
advantage of this method is a fast decision and 
simple control circuit to select the switching states in 
“ABC” coordinates without prediction of back emf 
or the derivative of the reference currents.  
Fig.1: A three phase inverter with a hysteresis current 
control
II. PROPOSED CURRENT CONTROL SCHEME
Fig.1. shows a circuit diagram of a three-phase 
current control system with a resistive and inductive 
load including a back emf voltage with independent 
hysteresis current control. Six comparators detect the 
current errors instantaneously, and if the load current 
exceeds the upper or lower bands, the phase voltage
decreased or increased respectively. The traditional
control method is based on independent decision for
each phase and the optimum switching frequency is 
not achieved as changing the voltage in phase “a” 
may increase the change of current in phase “b” 
significantly and causes to switch the phase ”b” 
voltage again. 
In the proposed method, there are twelve 
comparators and the following current errors are 
detected for optimum switching states: 
ea1= ia_load -ia_ref -h
eb1= ib_load -ib_ref -h
ec1= ic_load -ic_ref -h
ea1= ia_load -ia_ref +h
eb1= ib_load -ib_ref +h
ec1= ic_load -ic_ref +h
The six comparators can detect the current errors in
three phases as shown in Fig.2.a for hysteresis level 
‘h’. The active and zero vectors of the three-phase 
system are shown in Fig.2.b.    
(a)
(b)
Fig.2: (a) six comparators to detect current errors in a 
three-phase system (b) active and zero vectors 
In this method, we define six new decision lines, 
e(a,b,c)new and e(a,b,c)new in order to drive the load 
current in such a way to minimise the current error as 
well as the switching losses as shown in Fig.3. The 
six sides are defined in two different groups in order 
to achieve the adjacent voltage vectors.  
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Fig.3: Definition of the new six sides 
There are six other comparators to detect each new 
side as shown in Fig.4. In this case the load current is 
compared with the reference current and half of the 
hysteresis level and the errors are defined as e(a,b,c)2 , 
e(a,b,c)2:
ea2= ia_load -ia_ref -h/2 
eb2= ib_load -ib_ref -h/2 
ec2= ic_load -ic_ref -h/2 
ea2= ia_load -ia_ref +h/2 
eb2= ib_load -ib_ref +h/2 
ec2= ic_load -ic_ref +h/2
The new decision lines are created by these 12 
current errors as shown in Fig.4. For example, eanew
consists of three sides: 
• ec1 & ea2
• ea1
• eb1 & ea2
Fig.4: Defining the new sides based on different current 
errors
In order to detect the error when the load current 
crosses the sides, a logic circuit determines the 
combinations.  
eanew= (ea2>0 and eb1 <0) or (ea1 >0) or (ea2 >0 and ec1 <0) 
ebnew= (eb2>0 and ea1 <0) or (eb1 >0) or (eb2 >0 and ec1 <0) 
ecnew= (ec2>0 and eb1 <0) or (ec1 >0) or (ec2 >0 and ea1 <0) 
eanew= (ea2 <0 and eb1 >0) or (ea1 <0) or (ea2 <0 and ec1 >0) 
ebnew= (eb2 <0 and ea1 >0) or (eb1 <0) or (eb2 <0 and ec1 >0) 
ecnew= (ec2 <0 and eb1 >0) or (ec1 <0) or (ec2 <0 and ea1 >0) 
Having defined the decision information available 
we now need to use the information to select the 
switch states. In this method, we use adjacent voltage 
vectors to drive the load current with low levels of 
switching frequency and thus losses. The switch 
decision is based on the time when the load current 
exceeds one of the decision lines; the controller 
selects a switching state to force the current error 
away from the decision line and to define a new set 
of vectors for next switching cycle. As the selected 
output voltage may not be sufficient sometimes to 
reverse the direction of the current error immediately 
and thus bring back the load current inside the 
hexagon instantly, the controller may decide to select 
another switching state and this scenario increases 
the switching frequency and thus losses. In order to 
avoid this issue, when the load current exceeds the 
hexagon and the correct switching state is achieved, 
the controller applies a short time delay in order to 
prevent any extra switching. Eight voltage vectors 
are described with the adjacent voltage vectors and 
the new six decision lines for hysteresis current 
control are shown in Fig.5.  
Fig.5: Selecting switching states based on adjacent voltage 
vectors
As shown in Fig.6, if Vo is selected initially to drive 
the load current, the current error moves as shown in 
Fig.6.a; when the current error crosses eanew, V1 is 
selected and it drives the load current in a direction 
shown in Fig.6.b which is toward the active vector; 
the current error crosses eanew and Vo has to be 
selected again but the due to sampling errors either in 
simulation or in a real case, the current error may be 
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out of the band for a while and the controller may 
select different active voltage vectors in each 
sampling according to the vectors described in Fig.5. 
In fact for a three-phase system with high DC link 
voltage and low inductive load, di/dt is significant 
and any delay in switching may put the current error 
out of the bands for a few samples. In order to 
remove this problem, the controller applies a short
delay (10 samples) whenever the load current cross 
the bands. This method is also useful for high 
frequency noise cancellation where the load current
is affected by external noise. 
This method is suitable for a system with low back 
emf voltage compared with the traditional hysteresis
current control. The switching losses are decreased 
significantly and also the switching states are 
distributed uniformly over one cycle. 
Fig.6: Sequences to drive the load current 
III. SIMULATION RESULTS
In this section, simulations have been carried out for 
the following load condition: 
L=5mH, 
R=0.3 Ohms 
f=50 Hz 
Iref=10 sin (ωt)
Vdc=300 Volts 
Vback= 0, 25 and 50 Volts 
In this section, the switching states and the switching 
frequency of the proposed method and the traditional 
hysteresis current control are compared. The 
proposed method has a great advantage to minimise 
the switching losses for low Vback compare to the 
traditional hysteresis current control. As shown in
table I, the switching losses for a R-L load is 14% of 
the traditional method and the proposed method is 
suitable for a motor drive application where the back 
emf voltage is not very high. In this method the 
current error is also controlled within the bands while 
in the traditional method, the load current exceeds
the band regardless of the switching number.  
Table I. Number of switchings per cycle 
Methods Vback=0 Vback =25 Vback =50 
Traditional 777 346 271 
Proposed 105 183 222 
As shown in Fig.7.b the current error magnitude is 
controlled in the proposed method and it is between
the defined band, +/-1A while in the traditional 
method the magnitude of the current error is not 
controlled and sometimes is more than +/-1A as 
shown in Fig.8.b. The voltage waveforms shown in 
Fig.7.a and Fig.8.a demonstrate the low switching 
losses for the proposed method compare to the 
traditional method. The current errors in d-q 
coordinate systems show that in the proposed method
the active voltage vectors force the load current to be 
changed in such a way to minimised the switching 
losses as the trace of the current error is not like a 
hexagon while in the traditional method. 
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Fig.7: (a) output voltage (b) current errors (c) current errors 
in q-p coordinates; for the proposed method at Vback=25
Volts, Vdc=300Volts, Iref=10A, R=0.3 Ohms, L=5mH 
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Fig.8: (a) output voltage (b) current errors (c) current errors 
in q-p coordinates; for the traditional method at Vback=25
Volts, Vdc=300Volts, Iref=10A, R=0.3 Ohms, L=5mH 
Fig.9 shows the load currents for the proposed 
method and the traditional hysteresis current control. 
The results indicate that the switching times are 
distributed uniformly over the cycle while in the 
traditional method the current error is controlled by a 
high switching frequency sometimes over the cycle. 
Fig.10 shows the selected voltage vector where the 
adjacent voltage vector mostly are selected in the 
defined sectors which indicates the optimum active 
and zero voltage selection to minimise the current 
harmonics and improve the switching losses. A time 
delay is applied in the controller whenever the 
current is out of the band in order to minimise the
switching number. This feature improves the system 
performance for noise sensitive-less in the real time 
measurement when the measurement is affected by 
high frequency external noise.  
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Fig.9: Three phase load current for (a) Proposed method 
(b) traditional method; at Vback=25 Volts, Vdc=300Volts, 
Iref=10A, R=0.3 Ohms, L=5mH 
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Fig.10: The voltage vector selected by the controller for the 
proposed method 
IV. CONCLUSIONS
This paper presents a new hysteresis current control
for three-phase systems with an R-L load and a back 
emf voltage. The advantages of this control method 
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is fast tracking and a simple controller to control the 
current error within the hysteresis bands in ABC 
coordinate without transferring the load currents into 
dq coordinates. The simulation results show that the
method minimises the switching losses significantly
compared to the traditional hysteresis current control. 
In order to minimise the switching losses due to 
existence of high frequency noise in load currents in 
the real case, a short delay is applied in the algorithm 
whenever the load current crosses the bands. In this
method twelve comparators are used to detect 
different levels of the load current error which 
improves the quality of the load current as well as the 
switching frequency.   
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